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e ^^§011 ms oFy-sn sa^sf s^oisd sjhi ol#o^^ :'^e!I^g,^ 

A|:i:gi°| :3H^'5!0| ^S£. 
E4fe E32I S^AIOII 4^AIIE. 

£E5fe e ^^gOII a>S £4°l ^ UIS^B ^y(0NU)°l ^►6Hfa^ D\^m ^S5PI?lth S&'AIOII 

£6S B ^^Sdl OS 4^:'l E4°l S^M Pill EIO|y(HDT)°J fe^o^§fa^ Ill^S ^SSPmgh ^^A| 
Oil 


& ^^gg :>mXf £f£J VDSKVery high-data-rate Digital Subscriber Lines)eg!OI Slf^ HDKHost 
digital Terminal )Oil ^Olfe OhyS3 m^^^ '^ami^ S^UI^S SWI OlgShfe SIl^ IJhS 

Ifg.^ Al^igJOil 30ia. 

sge^oii aioiAi :'^&!x^g.^a as^^aj e^gshoi. asfs g^a^ & g^MOhoiiAjb 

ssdiai cH^ss :7hgjifi^ ssmsoii ^gjif e^e :3h8JXf&Hi uies b:7| ohsoii sa-sie! :J^gJI^g^ 


eixi. SiMOHflis ol§o^fe a^:j|#s oHaioii iubi ^yat^iy, e^e^y. s^^si mo\J\ mn\^ =?m 
am, 01 AlP^xl oiixiisi s&oii oiggt sn^ a^ Aiiesf» 4= sia. 

1) &n:HSiy a^iJi^e^g oi^sh^ 

2) a^I^l^a S^I'l^S &:!>ii oimshfe ?E 

3) ^^:?l^Jl^ s^ga a^:?!^^ efwi olgs^fe 

4) a^:»i^s^s oi§sife ?e 

0|gOj|A< a^Ul^^f fei-aiSia a^UI^S SWI OlgSI-fe ?Efe FrTC(Fiber-to-the-Curb) 

Jlt^i Si!3:i2 SID. 

g<yAjbi>:S FTTC eioii 3 3H^s E'i^^os uay aha aoi 

exHoii WBH :)^gJI^s ^'Sstfe a^ gxis ^xisi-jn oiuioiiAj ast^shxife sa$:?ise oig 
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oIdi D[^xmx\^ ^^am^si E^D\mm oimma. oi&i& nrc :^^ax^@^ =?^q\\m Ssf^oii 

^Olfe S^Sxl^ ClXlg EiOiy{HDT). DhEJW exH°l S^Sxl^ EiDiy(RT : Remote 

Terminal) SE^ ^ UI^^B ^y(ONU : Optical Network Unit), :?^^X^^S| S^gxlfe ojEinil 
0\± ^bd{NIU : Network Interface Unit) SE^ S,^§&Sxl(NT : Network Terminat ion)S SSSilQ 2i 

exH2j ONU A^ol£i s^oii/d^ oia :^^gJ»ss| e<y<M^a Aiev^oiiAi omm^ E^:>\^m 

0\D\m^ S^sf^ SDH(Synchronous Dig! tal Hierarchy) DWmSi OmaJt ^ ITU-T 

G.7070IIA1 ^XIIS^^^ ;g| A! STM-1 (Synchronous Transport Module : 155.520 Mb/s Dgli-) £ 
^ STM-4(622.086 Mb/s P^lf) S^I^I^S MgS^b 301 CHS^^^ S&£ID1 ^Xll^ S^OI 0^ 

y biss^joj Ai^m a^sf 2^:?is£ J^ie^sin Ai-gg sia. 

HOT 2f ONU Moioii o\m^ ctmm :)\mm a[Bo[^ m^D\^m n^mo mcnaFS onu hi 2^^^ 
ommB. <;i!m^oiiAH 6im.m ^mB\o\ :?^ejxK)ii:>ii tim,m qm s^m^ 5ioip. 

D[2^x[ ^^eJ°l cixia hus a^oioii h^hi pxim SMS^e xiigm^ egioiffl 

HOT £f ONU A^OIOII Al^t^ QgSf ^ XH^g^ll S^I'iaS A^goffe S^OIlfe £2011 ^^Ailo^Til £Alt^ bf 

2f aot 01 s.mms onu oil ?iximoio^ sha, dfei axis s^isi s^^s^ e<^>dbi^°j i 

fi ^£011 mE} Q%^^Q\ FTTC I^fgJ Xh&OllAi A^gg DIXIM HHOI fea D\BQIl 

m ^ 2i°01 OlS S§ VDSL S^0l£F ^^Q. 

VDSLg 01^ ANSKAmer ical National Standards Institute), ETSKEuropan Telecommunications 

Standards Institute), ^»l&lZ}Efjt|toj DAVIC(DiQi tal Audio-Visual Council) m 01 EH :)|^01iAH Sfeif 

sseoii s^offl, ssi-g &^€^m^m na\^ oigshoi i3Mb/s-52Mb/s£i oi 

ij SE^ bicHs m^m msam 3oom-i.5i<ni s?i°i s^>i£is 39is6hfe ^^m om s^a. 

FTTC :'^^Xh?^a a4^°i ONU » SSf^ ^21 &30il>H ^xl ^ ^§5f^ mm ^^.^Q. 3 

^QL ^21 ei^e §61^2.^8 UlSmiPl CHSl^H^ ONU ^l.^xlSZt ^ xl , 

^xiM^^M zfrti^m^ ^01 D[^x[^^ m.m^ ^^o\\m m9.m seioi ^a. 

£2011 £Alth bF2f ^01 :>I^H| FTTC Al^iJHI ip^OllAH^. HOT £f ONU MOIOII 

AIS^^ CfgSf a^I'lgm AhgmH 9JiO\ ONU OllA]^ :?h^XF^ S<:il<^^S CIXIB^^^ IH^g:^IS 
4^ ^1011 gia. 32H°^ ONU D\ ^Bo[^ ^^DW D\2^X[ dl-oto| VQSL H^'OI ^HAI ONU Oil ^XiaOjO^ 
ehCf. T^E\M. ONU°l B:?L , US ^XIM^ g HOT OWM D[^xmx\^ 

suaia. j\Ei oi&i ^g^ai S2J ei'Fesj uisem 9Ji9.m, oi^ ejoH fttc sI2^ j[^x[ 
cHg:>ii ^xiisoi 910, 


^01 S2H I'l^Oll ^Xllgm SH^Shl^l ?i6h04 ^ ^^SE. FTTC :?hEJXf& Sgaf 

6h:?l ONU dl ^OlOf & :?|-aXf^S°l CIIIM Sge Ss^^ HOT dl ^XlAl^m, HOT 

^^El :)^^X^73^X| O^b^^n 5!*^S XllSi^^oSMI, ONU 21 3^1^^ B^^ShOI ONU 2| 3:?|2f 2 

Mom ^xi2F :?H<y5K)i Sd2j FTTC :?i-^xh9>^ ^^s^ 

s ^§011 ^s£i^ big^ eoi^^ o^^s3 :?is^2i sa^a .&^chs^ s^i^i^m oigt^ 
:?mxf?^ ii\^o\^ Qi 3 ^^01 sia. 


015K £SM S-^SK)! e^^SSj b^^^§h ^AIOIIM ^^Allol ^gg^P. 

m^m FTTC ::'^gjxF^^ ^«}^^^ ^^olx^ d|.oio| pxi^ sikchs^^^ vosl oiu 
o.ojoj g^oj pxiM :'h^&)e oNuoii ^^lehacn sa^u. ^ ^^sa mrc 

01IA1 Ai^^^ cixiM pesf ii xHa^:^iHi a^ :?i«ve ^§xi s^^w, :'^^xi- ai-eisj vdsl eiie 
HOT ^01! ^biAi3i^ ohb^^n a^ ^5se ^g.^^p. 

£3a s ^^sm ^gm:»i oi-k^^n :?i&^2i ^a^sf &^cii^<y s^:?i^m §.^3HI oig^^ i\ 

aI^g.^ A|>:ij2| :iH^^21 IfH^ ^§£0101, £4^ ^^:'l £321 ^^AlOjl ^^A|l ^^£010. 

£^011 £Ai& b^2^ aoi, s^S2j o^yr^n^ a^^^2j sgshw ^ a$ 

01IA1 '^^^a^-s uiM^a sy(0NU)-fe>-pis<ida^'2j ^^s^i aii:ihi ^^oi sx^i^q^ 
om2j ^31-^21 oh^sn ^a^m a^£^ a^a^^. onu s hot 21 n^^v,, 

^61. VDSL £gje ONUOII ^o^o^ if ifiaoi hot g:>i::'h:Hi s^h^mi onu x^m ^ ajtii ^ 

ONU D\ ohU2j :>fSXl-o}^ &&ofe ^^^mXI OIEH IJhSWS 4^©^^ 4- 21£^ Sfe 3^01 

FTTC £!^AI>:1!0I 3>^CH0^ :?IS^21 2!IIIS210ia. 

oi5ia oi£H :?^eJx^:^^ :l^^x^^^ 2^^0121 iji^mm 5^^^ oigs^^ii &£^w 
bigm eoife 5101 gfigh sxiiopi (iH^oia. :)^^x^ ei2i2i vdsl s^m 5!if^2i hot 

0|gA|3t1A1 ?^sf^2| HDTSf :?mXi-2J NlUe^Oil O^kT^Zl 2^S&^S ^gSF51^ 3^011^ ^ -:>\21X\ 

2j VDSL Ohk'^H^ ^ ^£^4^ S^OllAi Al^ g^SIOi ^ SilHI £J£^ OlOll 
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o\^^ D\2ii[ ti^moi hot a onu 2>£I sa^ss ^sf^ei ohb^^n ^i^^mai ss^^ oi§ 
s^:)l ?ioFotb HOT a gnu ehoii^ ^m^m =?.mB[^ ^m^^ mm agsKPOM) a^:?is 

s ^g^^a. ONU oiiAH^ ^^gf ai a^oii/H fdm oesf/^aesf Dm 

0^ ma, ONU 2f HOT eioiife fdm pesfs oiai :?^£ix^.<yss sass gs^oi a^sfe o^k^^n §a 

^ I'IfeOI ONU OllAl D[2^J}mJ\9\ ^Z^QWM^ ^Si FDM agfifS <ysS¥El D[^J}^^ 

VDSL Hi!2| SSl|o| ^^^go^ <y^B ^^o^OI a^&Ch. 

OliS>il §^HSMi HOT Oll/H D[^XmX\9\ S^^M a5^^!^o^ g^Lho] e^if^oi 0Fb^^3 2^^^ 
5^01. ^AlOil VOSL S.mm aa-^ HDT ^011 fegOIIE M^Sh^I-CIXIM SgjHi a^IH^IU S^^^OIl ^ 
^5jo^ aai Sifm ^11 S^M 4^ FTTC iP^gjWifHl HDT S ONU S^S^IM^ ^ 

bhsi- ^ bF^^^ti- ^^Aioii ^SMAi, ^4S s^^oi-oi ^ga^^ QmJA ^a. 

HDT L4I2I VDSL ^^¥(5)^ 300m-1.5kmSi a^:>1£l5 ^ISmfe FTTC ^^C:H§<y D[2^X[ E[21 
QX\m HiKOil^CH^VDSL Sa')2| Ul^^H^ ^6! SMOIH. 4^1 VDSL ^<y¥(5)0il FDM ae 

^¥(6)^ oj£-i :?^^xh£i VDSL sg! shi.^ ^tii M^m2\ mm ammifom^Q. 

FDM Qmm^{6)m oFb^^n ^^tii^i?)^ s^sb ssh onu lh^j oi-k^^n 

S4^<iii¥(8)oii ssani. ONU L4I2J o^b^^3 s^<;ii¥(i7)oii m^^m mm ^msi^ o[^'^n 
^4.^^(18), o[^^ii s4^6J¥(i8)oii aasioi oia-j I'l-^if dfei^i ^^iisms hot lhoiiai 
ohb^^n^o^ ^p-e^o^^ FDM ^aesf¥{i9), ^^d\ fdm ^ag£f¥(i9)oiL s^gn LiiM?4B^2j 
eiEiniioii^iOii s^si^ vdsl 4-<:ii¥{20)^ hot m =?^mQ, 

^^J\ 0[^^I1 ^^M^(B)0\\ FDM ^aeSf¥(9)^ ONU dlAl BY^^ td^M D[2^X[m^ m 

=?^a. -feoi FDM ^Qesf¥(9)oii Eiei^e^do)^ VDSL dFoisi mmm m^m 9\m d\ 

^vom, a^oiqps¥{io)oii e^aa^ o^oi^bih xHsi^dDsf niu lhsi moi^aiH x-idi¥(i2)^ 

¥(11)011 o^lSjOl onu OIlAHSj ^^§^ dFeJ ai-e!4^<y¥( 15) . E}o\ 4.Ai«( 15)011 CM 

m^o\ 01 y eieisi Mm.mm onu oiiai of^^h^^^ chgsi-si-^ fdm ag^¥(i6). 
FDM aga¥(i6)oii ^m^o\ hot ^ ^^^m mm ^m^^ o[^^n s^^^iu)^ onu 

ndin, NIU ^ ^oi moi^aiH xH£I¥(12)oii ^asioi LjiM?4B^si VDSL s.m ^/4^tio{\ Q\mn[m 
:'^^x^^£J vdsl ^<!iI¥ ^ 4^^ii¥(i3.i4):?h &^^oii ^aao] siP-. 

£5^ SE42j ONU 21 ^^AlOil ^^All ^^£^A1. £^011 £A|& d|-£f SOI aH>^ a^:?l^M ^ 

#^iilSe(21), FDM ^aeSf S^(22). S ^^i^^ 5fOiH£IH S§{23)M ^SSQ. 

S-4^<!ii2M{21)g HDT OlIAl Qe^SIOl ^S^SOI^ ^m.m 2:?!^ 4-6i5^^ ^WS 5^ 

01. FDM e^aeif£#{22)^ ^ J\2^X[m^^ VDSL 5^^^ 9\m FDM ^Pgsf ^ W 

XH2.IS ssmoi 4^^ysi <:iimeoiiAi ^ j\2iJ}m^ muii vdsl e^si d^oj ri::^!]^^^ ^^afe 

iFej^e §y moi^aiH hm{23)^ ^ ^^m9.^9\ s.m ^^i^^m^m mmo\ D\^x[o\\j\m 
x\ m^£\Dm mmm ^\m^ m^m ssi^^ D\^m mo. ndin. ^^cae^y ^eiB enrsf a 

muai §d£^ 4^g5Ffe 5101 FTTC :'^gJX^g^H| D\m >E210|H^ ohOlMSH^ 0\9\ 4^iy 
SEt!:, onu °J ^^If fdm amm SM(24), ir^^l (combiner) (25). ^ 

<M2e(26)s 

ahei a om!^ai2HM(23)si ohoi^aiE xH2.i¥S safoi 4-<ys d\2^x[ ^eisi vdsl s 

^ iitimeS Al^ ^^'01 giOl HDT mX\ a^SIOiO^ 61-01 ^AlOll VDSL S,m ^4^<y¥0ilAH 

HDT 2j :^ti^mx\ Bxm^.^ of^^zi g^sioio^^^a. dim msm fdm a^a sm(24)s 

'bis.m{Z6)s i.^^:?i(25)M mo[o\ ommB ^m.m hot mx\ oi-y-^n s^^oiJi mo\o\ 

£6^ ^^:?! £42j HDT °l W^Aidl ^^All ^^£^A1. EEAIth U|-2f aO| ^ 

VOSL o\%^ ^<M2m(31), FDM DgSf £^(32), i[S:?l{Combiner )(33) . S S^<yHS(34)^ ^ 

FDM CfeSf Hm(32)g VDSL 5fg ^<iiie#(31 ) °l ^^OFAI :?hEJX^^S §oH2 

^iif4.^ m^&a^oi a^fi^ai-ii oihj ommB Mm.m ommxi o[^^ii ^m^o[j\ ^6[o\ mmm ^§ 

5E^^, HDT £i ^^ir a^:^lfeS S^<i!S^(35),FDM S^P^sf £^(36) ^ VDSL 

4^de§(37)S ^^£101. FDM ^Dg^ SM(36)& ONU ^£^¥S SS^SJOiS {iim.m ^'0[M 

VDSL ^^?^4^<y£§(37)0l ^ 2i£^ Jl'^X^ ^Ef4- S^OIIAI ^Pet^SHUIb D\^m 

mo. 

HDT 01^°i Lil^^HSF HDT 2f2| eiEHHIOl^^fe UI^^B ^2J Sx\ ^^OIU ^ ^^S2J 5^gAh^o|| 

oiojoj oiEiniioiA.:)^ Mgg 4^ 9iQ, o\D\o\\^ sssFS SDH cigsf D\^s\ oiEiiiiiO!>i, :?hsx^ ^ei^ 

^21 »i^^(per-channel) D\^9\ PXIS, SE^ 0^^^3 eiEiQIlOl^ mo\ DIS^£^ AfgS ^ 9X9, 

01. ^ ^^s^ Sr^oii oiiAit^ ojsiHioi^ss gsoi:>iu2f. i^i&oi 3^011 cHoHAis mmm m^'0\i} ^ 
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t]^2^ e ^^soii/d°i oh^sn ^ ghz oi^^si s^^ss ^^ii jtiis^^ 4- 

2iHoi. ^^i^^s oje.-i:?i?oii/d H^sf^ei vdsl egjsi a^^sfe s^oii qs^o^ihi ^mm 

g^AioiioiiAi^ VDSL £j ^^aeiyoiiAisj ^1^4^ ch^oi ch^ iqmhzu 30MHZOIU1 §oHi an 

FTTC 2:2^ s^oiiAi^ HOT HI ^^if/6H? e&^£i sa^g 4^4i:?H(oiia[:ii 4-64:)H-)si eioi 
m 4-§6^^bK e ^^soiiA]^ oiaH^^ §£21 vdslo^^xf afoj ^^ss fdm aesfo^oi hot 2[ gnu ^^ 

ss^^ ^^oiiAH ng& ^aiS6!g ai a^§5|-ch£F£ o^^sn 

^a^^si &e FDM cfgsfmoi a^si^ Mm. ^'^'o\\ a\mo\ ^ma\ ^mu\{om)D[ 

40dB - 50 dB §£21 ^4^^ 0^b^^3 a^ SfeB ^lS^^C^. 

FDM ci-eifoii sinm m^m anoii {^mow cksfoi biaisH^m 

40dB-45dB §£^^01! ^^^A|5IXI gOim^ll J3IS5hHS Sa^^°l a^^S£ ^ 

4g5h:'ioii g^tv ^^s siQ. 

naiHS FTTC I^hSJIFS >SOilAi VDSL m aa^ HOT g:i|^ g ^^gg 5igsh dHoii 

VDS LUf :?^sx^73^JlH| 's^^a^-oNu-^^a^aa^'si ax-ii^ei a^^^ vdsl ^^a a^f^ii^ d\21 

<ymi,^iH\ vsf, 2H^S£, goiiAi DH^ m^'m E^m^m 
yiQ. asf^oiiAH j[^j}7)[B9\ '^^^a^-oNu-fe^cHe^y a^ ' Oil Ai a^^^i^ei a^^ 

^^□ga^e^oii s\B\o\ a3^£M sf^^a, vdsl ^ oi&igh ^^^e.^ &^cHS<y^e^Hi nsjs^oi oi 

^ ^^sa vdsl 01 ONU oil ^01^ fttc ^^u as^^ hdt oil ^oi^ fttc ^su 2^:>iigioi ^^aie<:f!^ 
gs^^ ^g^a. ^ ^^gg oi2d§[ fe^cnea^z^Hi a^^soiu :?i^^:»iioii oio^oi^ o^^^ 
^i^g ^xi s^m^et ohuei, oi a^^as e ^^shi ^jg^oii cHSho^^ ¥§^&! s 


cnaFAi. uh£f ^ ^^sa ONU SI :i|fes B^s^ahoi onu £| 3:ji2^ a^:i:HS eoiiQ ^xi 

O^yr^n :'I^^S| ^a^^f ^^ajm^y S-JHI 0|g(Fiber-to-the curb : FHOShfe 

Ai^^'oii sioiAi. 

UIM^B^ ei 9 mi 01:^:^011 a^a^ :?^EJI^ ai-ej ^IQ^ CIXIM{Very high-data-rate Digital 
subscriber Lines ; VDSL) Hlie ^UlSh^ s.±:,^ PXIl ElOiyCHost Digital Terminal : HDT): 

Pill Eioiyoii o^^^n ^a^^^ e^^sin &^Qie^^^ e^^sioi ^ 

j\ pxii Eriaiy :?hEiXF^^^2i a^^ ^Ef4. ae^/^a^af 

moi a^oh^ S UIM?-IB ^y(Optical Network Unit : ONU): S 

9 :?^gJx^^^ pxim s^a ^ewa r^i^M^H^ asM ^^moi a^ste ui 

ojEinilOl:^ ^bd(Network Interface Unit : NIU) 

m s§[af^ o^b'^3 :'i^^a fttc 212^ D^gjx^ Ai>^g. 
2 

XII1i>^01l 2I0IA1. 

^^I*! m.±L^ PXIl E:iD|y(HDT)a. 

^na a^>i£is i;>^ :'h^xf £Fei pxim e^a uim^b^ ^a 

^01 ^a e^oir^^aoi ojy :?h^xi-a :?fejxF eiei pxim sua si-s ^a amge 

4 P§sf6h^ 

pgsf^eoii a^soi ^^^M esH ^^:»i a uiM?-i3^yoii a^a^ s^a^B; 

^01 S Ut^^B ^bdOII ^^SM eSH 2ia^ #4a 4B: 

-y:*! S4a 4&0II ^lao^ oiai :?h^iK£fei£i amem pxii Eioiy lhoiiai ofk^^ii 
^01 ^pesf4Boii agan m^^B^si o]aiHioi>ioit e^a^ a^ej pxii 4a4 


11-4 


10-0257936 

m s^mo^t: o^b^^3 fttc ^mn & A\±m. 

3 

^oi ^agif^&oii 2^£jcH i^hsjxf pxii e^t.^ ^:^\ ^ei ^#4^ 

B; - 

Xllll^Oll 2iCHAH, 

mM?4B eiEiniioi^i ^y{Niu)g, 
m o^b^^n fttc 7[^Ji^ Ai:^ii. 
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